Streptococci isolated from horse faeces and corresponding to the description of Streptococcus equinus Andrewes & Horder (1906) were found to belong to the serological group D. The group D antigen was produced by all the strains examined, but was not always extractable from whole organisms by HCl or formamide; broken organisms, however, always gave group D antigen. Collections of S. equinw and S. bovis strains were found to be physiologically similar, but distinguishable.
INTRODUCTION
Andrewes & Horder (1906) first described Streptococcus equinzcs as the predominant streptococcus of horse faeces. A fuller description was given by Hodge & Sherman (1937;  see Table 1 ). The serology of S. equinus has received little attention. According to Bergey's ManuaE (1957) 'no group-specific antigen has been demonstrated '. However, Sherman (1938) reported that some of his strains of S. e p i n u s 'reacted weakly' with group D antiserum and there have also been recent reports of S. equinus strains reacting with group D antisera (e.g. Fuller d al. 1960; Raibaud, Caulet, Galpin & Mocquot, 1961) . These observations are substantiated by our present findings with 50 strains of S. equinw isolated from horse faeces. Because S. equinus is similar in many respects to S. bovis, which also belongs to serological group D (Shattock, 1949) , the physiological reactions of the two species were compared.
METHODS
Organisms. Thirty-six strains of streptococci which did not ferment lactose and had been isolated at various times from faeces of nine horses in the same stable, and fourteen similar isolates supplied by Professor H. W. Seeley (Cornell University) were examined. They all conformed to the descriptions of Streptococcus equinus given by Andrewes & Horder (1906) and Hodge & Sherman ('1987) . The S. bovis strains used were from the collection in this laboratory.
Physiological tests
The nutrient medium for growing organisms for physiological tests and for serological investigations was glucose Lemco broth (yo, wlv: Evans peptone, 1;
Lab. Lemco, 1; NaCl, 0.5; glucose, 0.5). The temperature of incubation was 87". For physiological tests the inoculum was one loopful (4-0 mm. diam.) of an 18 hr. culture.
Sugar reactions.
Tubes of peptone water (1 %; 5 ml.) containing 0-5-1 yo of the test sugar and bromocresol purple as indicator were inoculated and examined daily for 10 days.
Litmus milk was examined daily for 10 days. (v/v) horse blood was streaked and the plates examined after incubation for 48 hr.
Growth in presence of 2.0 % and 6.5 % NaC1. Glucose Lemco broth containing 2.0 % or 6-5 % NaCl (Analar) was inoculated and examined after 24 hr.
Other physiological tests were those used by Shattock (1949) and Sharpe & Shattock (1952) .
Serological methods Preparation of group-speci$c afitisera in rabbits. The technique of Jones
Preparation of antigen eztracts. Extracts were prepared by using 0.05 M-HCI (Lancefield, 1933) , formamide (Fuller, 1938) , alkali (Elliott, 1960) . HC1 extracts were concentrated by ethanol precipitation (Shattock, 1949) .
Gel-digusion. The method of Mansi (1958) was used. Slides bearing the gel were stored at room temperature in Petri dishes containing moist cottonwool to prevent the gel drying. Results were read after 2-3 hr. This method was compared with the plate method (Mansi, 1957) which gave similar results.
Absorption tests were made as described by Shattock (1949). Preparation of cell zeralb. Cell walls were prepared by the method of Cummins & Harris (1956) but without pepsin digestion (Jones & Shattock, 1960) .
RESULTS
The serological grouping of Streptococcus equinus HC1 extracts of 48 of the 50 strains of Streptococcus equinus examined gave strong precipitin reactions with group D antisera; in most cases it was not necessary to concentrate the extracts by ethanol precipitation; the two apparently aberrant strains are discussed below. All the extracts tested (31) by slide gel-diffusion against group D antisera gave lines of precipitate. They also showed patterns of identity with HC1 extracts of accepted group D strains (S. faecalis 775; S . duruns 98D).
A potent group D antiserum was prepared by using Streptococcus equinus strain CN 1 for immunization. This antiserum reacted strongly with HC1 extracts of group D strains in the precipitin-ring test and in slide gel-diffusion tests. Patterns of identity were given by extracts of S. equinus strains and of other group D strains with the antiserum prepared from S. equinus strain CN1.
The serological groupkg of Streptococcus equinus 733
The serological grouping of Streptococcus equinus strains as belonging to ~o u p D was confirmed by reciprocal absorption tests. The group D antibody in S. equinus strain CN 1 antiserum was completely absorbed by S. durans strain 98 D organisms ; similarly, S. equinus strain CN 1 organisms completely removed group antibody from the group D antiserum prepared with S. durans strain 98D.
Jones & Shattock (1960) showed that the group D antigen in representative strains of all species of group D streptococci examined was not located in the cell wall but was in the cell contents. Isolations of cell walls were made from two strains of Streptococcus equinus (CN1, Tl). HC1 extracts of separated cell walls gave no reaction with group D antisera. The cell contents fraction, however, gave a strong precipitin-ring reaction and lines of precipitate in gel-diffusion tests. The cell contents fraction acidified with HC1 to 0 . 0 5~~ heated in a boiling-water bath for 5 min.
and neutralized, still gave strong reactions with group D antisera in precipitin-ring and gel-diffusion tests.
The HCl extract of cell walls of Streptococcus equinus strain CN1 reacted with the homologous antiserum, indicating that the type antigen was located in the cell wall. Thus the locations of antigens in S. equinus are similar to those in other species of group D streptococci (Elliott, 1960) .
The two aberrant strains of Streptococcus equinus referred to above (24A, 34A obtained from Professor H. W. Seeley) were indistinguishable physiologically from the rest of the group. HC1 extracts of these strains even after ethanol concentration gave no precipitates with group D antisera. Formamide extracts (Fuller, 1938) gave weak reactions in precipitin-ring and gel-diffusion tests. Because it has been shown that the group D antigen is located in the cell contents (Jones & Shattock, 1960; Elliott, 1960) preparations of cell contents of these two aberrant strains obtained after breaking (Mickle disintegrator) the organisms were tested against group D antisera. Both preparations of cell contents gave strong reactions in precipitin-ring and geldiffusion tests. Moreover, the precipitates in gel-diffusion test gave patterns of identity with HC1 extracts of group D species Streptococcus faecalis (strain 775) and S. faecalis var. Ziquefmiens (strain Elv. 2025). It therefore appears that the group D antigen present in these two apparently aberrant strains is not extractable from whole organisms by hydrochloric acid. Precipitin-ring reactions were, however, obtained with alkaline extracts (Elliott, 1960) of whole organisms of these two strains when tested against the same group D antisera as used in the previous tests. The alkaline extract of only one of these strains (34A) gave a line of precipitate in a gel-diffusion test and it showed a pattern of identity.
Comparison of physiological character of Streptococcus equinus and S. bovis
In many respects Streptococcus equinus resembles S . bovis; some workers have questioned the validity of separating the two species (Seeley & Dain, 1960) . For this reason we compared the physiological reactions of our 50 strains of S. equinus with 43 strains of S. bovis. The results are given in Table 1 where they are compared with the characters of S. equinus as reported by Hodge & Sherman (1937) and with 95 starch-hydrolysing streptococci conforming to the definition of S . bovis described by Seeley & Dain (1960) .
Streptococcus equinus characteristically does not ferment lactose; this is a character used to distinguish it from S. bovis, which does. Seeley & Dain (1960) pointed out that this is not a strong reason for separating these two species. Although other physiological reactions may not clearly distinguish between them, we feel that when the physiological reactions are viewed as a whole there is still sufficient reason for retaining the two species. Apart from the separation over lactose fermentation, most of our strains of S. equinzcs did not ferment trehalose, raffinose or inulin, nor hydrolyse starch strongly. In contrast, no strain of S. bods was negative in all these tests. An analysis of the sugar reactions of our 8. equinus and 8. bovis strains is given in Table 2 . The S. bovis strains are all in sugarreaction patterns 1 to 10; all the S. equinus strains fall into patterns 9 to 16. There is slight overlap of the two species in patterns 9 and 10. Dunican & Seeley (1962) reported that when S . equinus hydrolysed starch this differed markedly from starch hydrolysis by S. bovis: S. equinus hydrolysed starch (but not to reducing sugar) only in the presence of an easily fermentable carbohydrate. The reaction in litmus milk is also a distinguishing character: as would be expected S. epuimw, being unable to ferment lactose, gives no reaction in litmus milk whereas 8. bovis produces acid, though this reaction may be slow (several days) to develop. Thus S. equinus and S. bovis form fairly distinct physiological groups. There is, however, a spectrum of physiological characters between what might be called typical members of each species. A similar picture is seen in the relationship of some other group D species, for example S. faecium and S. durans (Lake, Deibel & Niven, 1957; Shattock, 1962) .
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